Study Design. Technique report and case series. Objective. The aim of this study was to develop a new surgical technique for anterior reduction in management of unilateral/ bilateral facet dislocations and to report the results of 8 patients with successful outcomes associated with this approach. Summary of Background Data. The anterior-only surgical procedure, including discectomy, open reduction, fusion, and fixation, is a recommended approach in the treatment of cervical facet dislocations. This approach is with a failure rate of up to 40%. When it fails, a posterior approach is usually required. We have developed a new surgical approach with facetectomy for anterior reduction of cervical facet dislocations. This technique is especially useful for delayed management of unilateral/ bilateral facet dislocation patients who failed the conventional anterior open reduction to avoid a posterior procedure. Methods. Eight patients with cervical facet dislocations who failed in the conventional anterior reduction were surgically treated by the anterior facetectomy reduction technique. After discectomy, anteromedial foraminotomy was performed by resection of posterior foraminal part or total of uncovertebral joint. After the nerve root was retracted cephalad in the neuroforamina, the edge of the dislocated superior facet was broken to achieve reduction. Results. Postoperatively, all patients have obtained successful reduction and satisfactory anatomic sagittal alignment. There were no complications attributable to the use of this technique. Conclusion. Anterior facetectomy reduction represents a safe and efficacious but technically challenging option for the treatment of cervical facet dislocation.
1,2 Among these approaches, the anterior approach with discectomy, open reduction, and instrumental fusion is recommended, especially for patients with a traumatic intervertebral disc herniation but without spinal cord injury. [2] [3] [4] [5] [6] [7] It carries less risk to the spinal cord injury compared with the closed reduction or posterior-alone approach, and minimizes the surgical injury and saves operative time compared with the posterior reduction followed with anterior fusion. It is difficult, however, to achieve a satisfactory reduction using the anterior approach; about 25% to 40% anterior open reductions failed because the vertebral distractor failed to spread the facet joints and posterior surgery. 4, 8 We have therefore developed an anterior surgical approach of facetectomy for anterior reduction of cervical facet dislocations. This technique is especially useful for delayed management of unilateral/bilateral facet dislocation patients who failed the conventional anterior open reduction to avoid a posterior procedure. We have performed this procedure on 8 patients with satisfactory outcomes.
PATIENTS AND METHODS
Between April 2014 and May 2015, 17 patients with cervical facet dislocations were admitted to and treated surgically in the investigator's group (Z.Z.). Among them, 8 patients were treated with anterior facetectomy procedure after failure in the conventional anterior open reduction with a vertebra spreader procedure. In the 8 patients (7 males and 1 female), the spine injuries ranged from C3/4 to C6/7, with bilateral facet dislocations in 7 cases and unilateral facet dislocation in 1 case. Neurological assessment showed that 3 patients with ASIA E, 1 with D, 2 with B, and 2 with A. The surgical procedures were conducted 7 to 52 days after injury (averagely 17 days) and the patients were followed up for 3 to 16 months (averagely 9 months) after the surgery (Table 1) .
Before and after the surgery, standard anteroposterior (AP), lateral, and dual oblique films were taken to assess spinal injury, reduction, and internal fixation. All patients underwent computed tomography (CT) scans to define the precise spinal injury, spinal alignment and fusion, and 1.5-Tesla T1-weighted and T2-weighted magnetic resonance images (MRIs) to evaluate any cord compression and the extent of intramedullary MRI signals on sagittal and axial planes. Neurological scores of all patients on admission and at each follow-up were determined following the International Standards for Neurological and Functional Classification of Spinal Cord Injury by ASIA-IMSOP. 9 All operations were performed by the senior investigator (Z.Z.) under cervical traction. The patients were monitored with the somatosensory-evoked potential (SSEP) and the motor-evoked potentials (MEPs) for incomplete spinal cord injury patients. A standard Smith-Robinson anterior cervical approach was used in all cases (Figures 2A-C and 4A-C). After discectomy, the standard Caspar retractor reduction procedure was first performed as described previously. 4, 7 If it failed, the medial surface of the uncovertebral (Luschka's) joint on the contralateral side was exposed. A 1 or 2-mm microKerrison punch was used to resect posterior foraminal part of uncovertebral joint of the lower vertebral body so that the anterior border of the vertebral pedicle could be exposed ( Figure 1A ). Once the anteromedial foraminotomy was performed to the midpoint of the pedicle, a small part of the dura and the nerve root in the intervertebral foramen, but not the vertebral artery, were visible ( Figure 1B,D) . The posterior part and the anterior part of uncovertebral joint, both of which were situated anterior to the pedicle's axis, should not been resected in order to minimize the risk of iatrogenic damage to the vertebral artery. The nerve root was then retracted cephalad with a nerve protector to detect the edge of the dislocated inferior and superior facets ( Figure 1B,D) . A 5-mm osteotome was then used to break the superior facet at the edge of the dislocation along with the pedicle's axis, which is in an oblique angle of about 42 degrees ( Figures  1C, 2D-I ). The broken part of superior facet was left in situ. The Caspar retractor was pushed in a posterior direction to achieve posterior translation of upper segment and the broken lower segment (a part of the superior facet) ( Figure 1E,F) . After the reduction of ipsilateral facet dislocation, the retractor was pushed and rotated in a cephalad direction to achieve posterior translation of the contralateral upper segment. If the reduction of contralateral facet by rotation failed, the same factetectomy procedure was performed on this side. An optional procedure for lateral foraminotomy was the complete resection of the uncovertebral joint instead of resection of only its posterior foraminal part ( Figure 4 ). Once the discectomy was completed, the articular surface of the ipsilateral uncovertebral joint, including the foraminal part, the posterior part, and the anterior part, was exposed. The posterior and the foraminal parts of the uncovertebral joint was punched off to expose the midpoint of the pedicle, a small part of the dura, and the exiting nerve root. A small part of longus colli was resected and retracted laterally to expose the transverse processes of both vertebrae and the vertebral artery. Great care was taken not to retract or injury the vessel. The complete resection of the uncinate process was performed by using a high-speed bur and Kerrison punch. The whole length of nerve root and the edge of dislocated inferior facet was exposed in the intervertebral foramen ( Figure 4D ). The superior facet was then broken, which was followed by the reduction procedure as described above ( Figure 4E,F) . After reduction and insertion of an autogenous bone cage, an anterior cervical plate or an anterior cervical pedicle screw plate (Z3; Wego; Weihai, Shandong, China) was used for fixation (Figures 2J-L and 4G-I). The anterior pedicle screws were inserted along the pedicle axis with the fluoroscope-assisted view imaging as described previously. 10 The pedicle screws were 4 mm in diameter and 30, 32, or 34 mm in length. The vertebral screw was 4 mm in diameter and 14 or 16 mm in length. Postoperatively, a cervical hard collar was used to protect patient's neck for 6 weeks. The accuracy of pedicle screw placement was confirmed postoperatively by axial CT scans (1 mm slice thickness).
RESULTS
The clinical data are summarized in Table 1 . Mean operative time was 123 minutes (90-160 minutes) and average blood loss was 103 mL (50-210 mL). All 8 patients achieved successful anterior reduction. The procedure of resection of foraminal part of uncovertebral joint was performed for 7 patients (Case #5 illustrated) (Figures 2  and 3 ). Only 1 patient underwent the resection of whole uncinated process for exposure of vertebral artery (Case #3) (Figures 4 and 5) . One patient received bilateral anterior factetectomy because of the severity of dislocation (Case #1) ( Figure 6 ). There was no injury to vertebral arteries or nerve roots during the foraminotomy and facetectomy in all the cases.
The patients with ASIA E and D were permitted to ambulate the next day following the operation with a cervical collar. Postoperative plain radiographs, MRI, and CT images showed precise cervical alignment and accurate placement of pedicle screws within the pedicle cortex ( Figures 3A-J, 5A -J, 6A-J). The patients achieved successful spinal fusion 6 months postoperatively as evidenced by plain radiographs and CT scans. There were no complications or instrument failures attributable to the use of this technique. The ASIA A patients and one ASIA B patient showed no neurological improvement; another ASIA B patient improved neurologically to ASIA C; the patient with ASIA D improved to ASIA E. No ASIA E patients showed neurological deterioration. 
DISCUSSION
The conventional anterior reduction uses either a Caspar retractor or a laminar spreader inserted into the disc space for axial traction to reduce dislocated joints. It is usually performed under fluoroscopic guidance with or without monitoring of spinal cord potentials. Once the facet joints are cleared, an instrument is pushed in a caudad direction or/and cephalad rotated to achieve posterior translation of the upper segment. 4, 7 However, this distraction is only spread to vertebra but not the facet joints directly, and may result in reduction failures, in particular in delayed management of unilateral/bilateral facet dislocations. Even in cases wherein the distractor is inserted as far posteriorly as possible to the upper vertebral body, and the Caspar retractor pins are placed in a slight kyphosis manner during the distraction maneuver, the failure rates of anterior reduction range from 25% to 40%. 4, 8 The present anterior facetectomy reduction procedure consists of resection of the locked superior facet and alignment of the dislocated inferior facet by pushing it directly in a caudad direction. With this technique, we have achieved satisfactory outcomes of reduction as indicated by restored sagittal alignment in all 8 patients who failed in anterior open reduction.
Comparing to the closed reduction with the GardnerWells traction, which has success rates ranging from 30% to 100%, 11 -14 the present technique not only increases reduction efficiency but also takes less risk for spinal cord injury, especially for patients with a traumatic intervertebral disc herniation but without spinal cord injury. Although posterior-only approach for reduction and fusion affords a greater stability by posterior instrumentation, 15 it does not allow for removal of extruded disc material before reduction of a dislocated segment, and may therefore be a potential risk to spinal cord injury. 6, 16, 17 Comparing with the anterior-posterior, posterioranterior, and anterior-posterior-anterior approaches, the anterior-only approach minimizes surgical injury and saves operative time. In addition, the anterior cervical pedicle fixation used in the anterior facetectomy reduction procedure offers higher 3-column cervical spine stabilization. 18 -21 Anterior facetectomy reduction poses a potential risk for injury to vertebral arteries or nerve roots during anteromedial foraminotomy and facetectomy. Because of the proximity of the vertebral artery to the uncovertebral joint, vertebral artery injury during foraminotomy or removal of the posterior lateral quadrant of the vertebral body has been reported during anterior cervical spine surgery, with rates ranging from 0.3% to 0.5%. 22, 23 The present technique resects posterior foraminal part of uncovertebral joint of the caudad vertebral body to the midpoint of the vertebral pedicle. The procedure can be operated along the posterior aspect of the pedicle to avoid injuring the vertebral artery. The technique of complete resection of uncovertebral joint and exposure of vertebral artery has been reported in an anterior cervical discectomy and fusion. 24 -26 Only 1 patient in the series underwent this procedure. We do not recommend it because it is with higher risk of injury to the vertebral artery during exposure and retraction. In case of dislocation, the nerve root is easily retracted cephalad along the pedicle in the neuroforamina. After the nerve root is protected by a nerve protection barrier, the edge of the dislocated superior facet is easily detected and can be broken with a 5-mm osteotome without direct visualization. Once the blade of osteotome had been placed along inner and upper wall of pedicle and deep enough to posterior wall of vertebra, which is considered as a vital part of this procedure, it would be very safe to move it a little bit cephalad and lateral to touch and break the junction between pedicle and superior facet, as vertebral artery lays always anterior and lateral to the pedicle with almost no possibility of accidental touch by the blade of osteotome deep enough. Although there were no injuries to nerve roots in our series, a safe retraction of the nerve root with repetitive confirmation is recommended before the use of the osteotome.
Although the clinical outcomes are promising, there are still limitations to the study. It is unknown whether this procedure is indicated to bilateral dislocations for over 3 weeks with severe facet joint fractures. Although eligible cases are hard to be collected, the small sample size (only 8 patients) is certainly a major limitation of the study. Furthermore, the follow-up time (ranging from 3 to 16 months) is probably not long enough, and further studies are warranted to provide long-term effects of this technique.
In conclusion, the present data demonstrate that anterior facetectomy reduction for cervical dislocation is efficacious and superior to other procedures reported. However, familiarity with cervical anatomy of uncovertebral joint and vertebral artery, and experience with foraminotomies during surgery are crucial for this procedure. Therefore, this technique should be only used by experienced surgical teams.
Key Points
Anterior facetectomy reduction technique allows discectomy, reduction, grafting, and fixation in an anterior-only approach. Resection of posterior foraminal part of uncovertebral joint for facetectomy is a safe maneuver for vertebral artery. The current study provides an alternative technique for the surgical treatment of cervical facet dislocation.
